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SUMMARY

Intheinitialphaseofan NACAprogramon fatigueresearch,axial-
loadtestson 24S-T3and75S-T6aluminum-alloysheethavebeenmadeat
theBattelleMemorialInstituteandat theIangleyAeronauticalLaboratory
of theNationalAdvisoryCcmmitteeforAeronautics.Thetestspechens
werepolishedandunnotched.Themanufacturerofthematerial,the
AbninumCompanyofAmerica,hasmadeaxial-loadtestson 24S-T4
and75S-T6rodmaterial.Thetesttechniquesusedat thethreelabora-
toriesaredescribedindetail;thetestresultsarepresentedandare

●

cmu~ed witheachotherandwithresultsobtainedon unpolishedsheet
by theNationalBureauof Standards.

.

INTRODUCTION

I@nyengineeringstructuresandallmachineryaresubjectedto
repeatedloadsandarethuspotentiallyliabletominororma~orfailures
by fatigue.As designsbecomemorerefined,fatiguegenerallychanges
ftistfroma minortoa majorandcostlynuisanceandfinallymaybecome
a dominantdesigncriterion.Thisstagehasbeenreachedforsev=al
classesofairplanes.

Althoughfatigueresearchhasbeenpursuedforovera hundredyears,
it isnotpossibleat presenttodesignagainstfatiguefailurewith
aqwherenearthesameconfidenceas againststaticfailure.Inorder
to improvethissituationinsofaraspossible,theNationalAdvisory
CommitteeforAeronautics(NACA)initiateda long-rangeresearchprogram
about197.

Thispapergivesresultsobtainedina fundamentalphaseof the
program,thedeterminationofthefatiguepropertiesoftwoahuninm

. alloys(24S-T3and75S-T6)widelyusedforatifrsmeconstruction.The
* mainpurposeofthetestswastofurnishbase-linedataforsucceeding
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phasesoftheprogram,suchas
latlvedamage.A largeamount
chasedat onetimeinoral=to

NACATN2928

investigationsofnotcheffectad cumu-
ofeachmaterial(about--5tons)waspur-
minimizethemoblemofvariationof

materialpropertiesinsubsequentphasesof~heinvestigation.Allthe
materialwasintheformof sheetnominallyO.Ogl.inchthick.Thetests
describedinthispaperweretie on unnotchedspecimenssubjectedto
axialloadingwitha constantamplitudeof stressat a seriesof stress
ratiosR (ratioof’-minimumstresstomaximumstressineachcycle);
thespecimenswereelectropolished.

Thetestprogramwasbegunby theBattelleMemorialInstituteunder
contractto theNACAat a timewhentheNACAhadno facilitiesfor
fatiguetesting.However,a fatiguelaboratoryhassincebeenestab-
lishedat theLangleyAeronauticalLaboratory(L/L).Thefirstproject
undertakeninthislaboratorywasa checkofthetestsmadeby Eattelle
at stressratiosofO and-1. Thislarge-scalecheckbetweentwolabo-
ratoriesworkingwiththesamelotofr.mterialisan interestingfeature
ofthereport.

TheNationalBureauofStandards(NBS)hasmadea numberoftests
underthreeNACAcontractsonunpolishedspecimensofbothalloysat a
stressratioof -1. A comparisonofNACAandBattelledatawiththese
dataisincluded.

TheAluminumCompanyofAmerica(ALCOA),themanufacturerofthe
material,hadnottestedsheetmaterialunderaxialloadingbuthad
tested24S-T4-and75S-T6rodmaterialunderaxialloading.A comparison
ofNACA,Eattelle,andNBSdatawiththesedataappeareddesirable;the
AluminumResearchIa,boratoriesofAUXIA,therefore;participatedinthe
preparationofthisreport.

SectionI ofthereportioutlinesthescopeoftheinitialphaseof
theNACA- Battelleprogremanddescribesthoseitemsthatwereco?muon
to thetestsmadeby thesetwolaboratories(materialandpreparation
of specimens).Thenextthreesectionsdescribetesttechniquesand
presentresultsobtainedby Battelle,NACA,amdALCOA,respectively.
SectionV presentscomparisonsoftheresultsobtaiqedby thesethree
laboratoriesandby NBS.

I.NACA- BhTTELIWTESTPROGRAM

Scopeofprogram.-Theprogramdiscussedinthis
theinitialphaseofa largerprogrem,calledforthe

PLiper,whichiS
determinationof

theunnotchedfatiguestren@hsof24S-~ and75S-T6aluminumalloyin
sheetformumderaxialloading.A seriesof testscoveringstressratios .
fromR=- 1.0 to R = 0.6 wasmadeby Eattelle.Checktestsat stress &-
ratiosR =

.
- 1.0 and R = O weremadeby LAL. .
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MateriaL.- Thematerialwaspurchasedintheformof sheets4 feet
by 12feetby 0.091inch. Inordertoprovidesufficientmaterialfor
severallinesof investigations,a fairlylargequantity(150sheets)of
eachmaterialwaspurchased.Thismaterialwasmanufacturedandheat-
treatedaccordingto commercialpracticesunderclosemetallurgical
supervisionto insureuniformity.Thesheetsof eachalloywerefrom
twoconsecutivelots. Thespreadoftensilepropertiesisprobablyless
thanmightbe encounteredinan ordinarylotof commercialmaterial.The
materialwasstoredat theIangleyLaboratoryuntilneeded;inorderto
preventcorrosionin storageanddsmageinhandling,thesheetswerepro-
tectedby a coatofzinc-chromateprimeron eachface. Thematerialccun-
plieswiththespecificationslistedintableI.

A chemicalanalysiswasmadeby ALCOAforeachcoilof sheet.
TableIIgivesa summsx’yof theseanalyses.Mechanicalpropertieswere
determinedby ALCOAoncouponscutfrcmtheendscrapandsidescrap
thatwereobtainedwhilethesheetswerebeingcut. S3milartestswere
madeby BattelleandNACAoncou~nscutfromthecornersof thesheets.
Theresultsaregivenintables111toV. Theyarepresentedonlyin
summaryformbecauseattemptsto correlatefatiguelifewiththeseprop-
ertieshavefailedto showanycorrelationsofar. Forthessmereason,

\ thestandardpatternforcuttingspecimensfromthesheetsanddesig-
natingthemisnotgivenhere;it isgiveninreference1.

. Specimens.-Blanksforallfatiguespecimenswerecutfromthesheets
at theLangleyLaboratoryandsentto I!attelleformachiningandelectro-
polishing.Theblankswereapproximately3 inches’by18 inches,withthe
gain runningparalleltothelongdimensionoftheblank.

Stillprotectedby thezinc-chromateprimer,eachblankwasmachined
to thespechnenshapeshowninfigure1. Extremecarewasusedin
machining,andfinalmillingcutsremovedonlyabout0.0005inchfrom
eachoftheedgesofthespecimens.Thenthezinc-chromateprimerwas
removedfromthetestsection,andthesectionwaspolishedby electrolytic
removalofabout0.0008inchfromeachsurface.Afterthispolishing
procedure,thefatigue-testspecimenswerecoatedwithvinylsealforpro-
tectionagainstcorrosionandagainstsurfacedamageduetohandling.
Thiscoatingwasremovedwithacetoneimmediatelybeforeeachparticular
specimenwastested.

Electropolishingwaschoseninpreferencetomechanicalpolishing
partlybecauseitisbelievedtoproducea mintiumamountofresidual
stress;mostly,however,itwaschosenbecauseitwasconsideredtobe
theonlypracticalmethodofpolishingthelargen~er of notchedspeci-
menstobe usedina subsequentphaseof theinvestigation.

.
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II.BA’IT’ELLETESTS d

Resultsofa numberoffatiguetestsonurtnotchedsheetspectiens
of24S-T3andof75S-T6aluminumalloyshavebeendescribedinrefer-
ence1. Thefollowingaccountincludestheseresultsandalsothe
resultsofadditionaltestsconductedat Battelleto examinemorecom-
pletelysomedetailsofthefatiguebehaviorofthesematerials.

Wchines.-FatiguetestsatBattelle.wererunonKYousedirect
repeated-stresstestingmachines.A photographofoneofthesemachines
isshownas figure2,andtheschematicdrawinginfigure3 illustrates
theprbcipleof operation.

The“loadingbesm”(fig.3) servestoapplyloadtothespecimen,
tomeasuretheload,andtoprovidea sensitivecut-offafterspecimen
failure.Loadmeasurementisobtainedbymeasuringbendtigofthebeam
as thecrankisrotatedslowlyby hand. Calibrationofthebeembending
wasinitiallyobtainedby dead-weightloadingat thespecimenposition;
calibrationcheckshavebeenmadea numberof timesandhaveshownno
changeduringtheseveralyearsthemachineshavebeeninuse. Inthe
presenttests,themachineswereoperatedat speedsintherangefrom
1,100Cpmto 1,500Cpm. Correctionfactorsforsmalldynsmiceffects
at operatingspeedwereobtainedforeachmachineby useofresistance
wirestraingagesonweighbarsinsertedin serieswithspecimens.These
factorshavealsobeencheckedseveraltimesandfoundunvarying(for
specimensof thet~e describedinthisreport-)at fixedspeedsofoper-
ation.Over-allchecksof loadoperationweremadeduringthecourseof
thisinvestigationby resistancewirestraingagesmountedon specimens
andreadby apparatusessentiallylikethatdescribedinreference2.

A changeintheloadduringa runcauseda changeinthedeflection
oftheloadingbeamandstoppedthemachineby a switchtriggeredby this
alterationinbendingofthebean. Usuallyonlyfailureofthespecimen
causedthestoppingofthemachine.Inrsreinstancesinwhichenviron-
mentalconditionschangedtheloadbeforespecimenfailure,theloadwas
readjustedbeforerestartingthemachine. —

Observationsthroughouttheinvestigationledto theestimationthat
theprecisionof settingandmaintainingloadswasabout-‘2percentfor
tension-tensiontestsandabout*5percentfortension-compressiontests.

Testprocedure.-Tension-compressiontestswereconductedwithguide
pbtes originallydevelopedby NBS (ref.3) inordertopreventbuckling
ofthespecimenduringthecompressionpartofthecycle.Theessential
detailsoftheseguideplatesaretndicatedh thesketchinfigure4.
Inpractice,theguideplatesweresotightenedthatitwasmoderately
difficulttomovethemby handwiththespecimenundertensileload.

.

8

.
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.
Thisprocedurewasadoptedaft= preliminaryexperiments(describedin
ref.1)to investigatetheeffectivenessof theguideplatesinreducing

. bucklingstresseswithoutaddingundesirablefrictionloadsor surface
abrasion.

Results.-Resultsofthefatiguetestsconductedby Battelleare
shown~ formof S-Ndiagramsinfigures5 and6. Plottedpoints
representonlythosetestsinwhichfailureoccurrednotmorethan
1 tichfromthepointofminimumcrosssection.Forpreliminaryplots,
theboundaryofthetestsectionwaschosenat 1/2inchfromthepoint
ofminimumsection.Thestressat thel/2-inchboundaryisabout
2 percentlessandat thel-inchboundaryabout7 percentlessthanat
theminhmnnsection.Therewasno significantdifferencebetweenthe
scatterbsmdsforthepreliminaryplotsandthefinalones,because
relativelyfewspecimensfailedat a distancegreaterthsn1/2inchbut
lessthan1 inch.Fewspecimensfailedoutsideofthel-inchbOLUKIWY.

Figure5(a)showsdatafromtestson specimensof 24S-T3at a stress
ratio R = 0.25. Inthisfigure,a solidlinehasbeendrawn,as esti-
matedby eye,to indicatean estimatedmeancurveforthedata. Dashed
linesshowninthefigureindicatelimitsofa scatterband,within

u whichessentiallyallthedatapointslie. Figures5(b)and5(c)show
similardataandcurvesfortestson thesamematerialat stressratios
of -1.00and0.02,respectively.

.
Figure5(d)showsS-Ncurvesforspecimensof2kS-T3frcmtestsat

a numberof stressratios.Toavoidconfusion,testpointshavebeen
omittedfromthisfigureforthethreestiessratios(0.25,0.02,
and-1.00)forwhichtheobserveddatahavealreadybeenindicatedin
thepreviousfigures.Curvesshowninfigure5(d)forthesethreestress
ratiosarethemean-mluecurves,alreadyindicatedinfigures5(a),(b),
and (C).

Figure6.showsresultsfromsimilartestson specimensof 75S-Kl%.

Theresultsshowninfigures5 and6 indicatethat,despitecare
intesting,thescatterinthetestresultswasappreciablybeyondthe
estimated-~imitsoferrorinloadtig.
giveninsectionV of thisreport.

III.NACA

A morede~~leddis_&ss~onis

TESTS

TheNACAtestsmadeat IALcovered
. numalloysat stressratiosof -1.0and

andhavenotbeenreportedpreviously.

.

the24S-T3andthe75S-T6alumi-
0,asmentionedinsection1,
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Machines.- me fatiguetestingmachinesusedat Langleyarepatterned
aftermachinesoriginallydevelopedby theIockheedAircraftCorporation
(ref.4). A photographofoneof thesemachinesispresentedasfigure7, ‘
anda schematicdiagramofessentialpartsisshowninfigure8.

Themachinesoperateon thesubresonanceprinciple.A vibrating
beamissupportedby fkxureplates,thespecimen,anda pairofpreload
springs.Thenaturalfrequencyofvibrationof thebeaminthevertical
planeistunedtoapproximately1,900cm by adjustingtherelative
positionsofthesupportsorby adjustingthepositionof-orthesmount
ofweightfastenedtothefreeendofthebeam. Thesystemisexcited
by a rotatingeccentricwhichisdrivenat 1,8ooCPUby an electric
motor.Theloadinthespecimenis_ thnestheforceexertedby the
rotatingeccentricsince~hesystemisoperatingneara resonantcon-
dition.

Threebasicmethodsforcontrolofthesmplitudeofthe@amic
forceinthespechenmaybe usedeithersinglyor incombination:
ad$mtmentoftheforceexertedby therotatingeccentric,adjustment
thenaturalfrequencyof-thevibratingsystem,andadjustment--ofthe

of

naturalfrequencyofa smallspring-masssyst6mwhichiscoupledtoand
vibrateswiththe’primaryvibratingbeam. Thefirsttwoadjustmentsare
usuallymadebeforea testisstartedtomakelargechangesinsmplitude,
andthelatteradjustmentisusedtoregulatetheamplitudeprecisely.
Thelengthofthespringmaybe changed.(whilethemachineisrunning)
by a leadscrewdrivenby a smallelectricmotorinsidetheprimary
beam. Thissystemisalsousedformakingsmalladjustmentsinamplitude
whichmaybecomenecessm duringa test. Themeanloadonthespecimen
maybe variedbyadjustingthescrewswhichsupportthepreloadsprings.

Thelowergripiskeptverticalby horizontalflexureplatesand
receivesloadfromthevibratingbeamthrougha verticalflexureplate.
Theuppergripissupportedby a membertowhichresistancewirestrain
gagesareapplied.Thespecimenisclampedintheloweranduppergrips
by ad~ustableplateswhichareheldinplaceby setscrews.Sheetsof
p~sticareinsertedbetweenthegripplatesandthespecimentoprovide ‘
a uniformclsmptigpressureinthegripsectionandelectricalinsulation
betweenthespecimenandthetesting-machineframe.A low-voltagecurrent
whichispassedthroughthespecimenoperatesa relayinthecontrolcir-
cuitofthedrivemotortostopthemachinewhenthespecimenfails.An
additionallimitswitchismountedbelowthevibratingbesmto stopthe
machineifthespecimenelongatesexcessively.Themachinesarebolted
toconcreteblockswhichme inturnsupportedby rubberpadstoprovide
a seismicmount.

Theloadsinthespectienaremeasuredby an electronicapparatus
whichisa developmentoftheapparatusdescribedinreference2 andof’
similarapparatususedbyM13S(ref.5). Theresistancewirestraingages

.

.,
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previouslymentionedareconnectedintoa bridgecircuitwhichis
. suppliedwitha 12-volt,5,003-cyclecarriercurrentfroman audio-

signalgenerator.Theoutputofthebridgeisamplifiedandfedinto
a cathode-rayoscilloscopewhichservesas a nullindicaton.A suitable

. calibratedbalancingresistorisusedtoprovidebridgebalanceat the
minimum,maxtium,emdmeanloadsintheloadcycle.Theminimumand
maximumloadinthecycleisdeterminedwhenthepatternontheoscillo-
scopeindicates100-percentmodulationoftheca&rierandthemeanload
isdeterminedwhentheaxesoftheupperandlowersinewavesthatform
theenvelopearecoincident.Theleastcountonthedialof thebal-
ancingresistoris0.1percentoffullscale.

Theloadmeasuringapparatusiscalibratedperiodicallyagainsta
specialcalibrationbarwhichisequippedwith,Tuckermanopticalstrain
gagesandwhichwaspreviouslycalibratedina statictestingmachine
havingan errorof 1/2percentor less. Theprobableerrorintheload
measuringappsratusisthoughttobe lessthan1 “@centwithinthe
rangeof loadsconmo-nlyused.

The’specimensareinstalledas showninfigure9 clempedbetween
guideplatessimilarto thoseusedatBattelleandshowninfigure4.
Inan attempttodeterminetheamountof loadabsorbedby theguide

k plates,a specimenwhichhadfailedwasclsmpedintothemachinewith
thebrokensurfacesseparatedby 1/8inch;guideplateswereinstalled
intheusualmanner;andthemachinewasoperatedtoproduceup to
l/16-inchmotionof thelowergrip. Theloadsweremeasuredwiththe.
indicatingapparatusandwerefoundtobe lessthan25poundsinall
cases.Sincethesemotionsweregreaterthanthoseencounteredin
fatiguetests,it isfeltthattheguidesprobablyabsorbedlessthan
1 percentof theload. b anothertest,windowswerecutintoa setof
guideplatessothatelectricalstraingagescouldbe attacheddirectly
tothespecimen;thistestshowednomeasurableloadabsorptionby the
guideplates.

Comparativetestsat R = O withandwithoutguideswerealsomade
on somesmoothandsomenotchedspecimens.Allthesetestsconfirmedthe
conclusiondrawnpreviouslyat NBSandat Eattellethattheguideplates
usedhadnomeasurableeffectinthespecifictestsdescribed.

Testprocedure.-Sincethe&act amplitudeof thealternatingforce
inthespectiencouldnotbe predictedbeforethemachinewasstarted,
theamplitudeofforcewasmeasuredafterthemachine“hadbeenadjusted
toproduceapproximatelythepropermagnitudeandhadbeenstarted.
Minoradj-ustientsinamplitudewerethenmadeby extendingorretracting
theauxiliaryspring-masssystemwhilethemachinewasrunning.The
machinewasstoppedformajoradjustments,if.required.It isesthated
thatthemachineswereadjustedtotheproperloadvaluesbefore.
3,0~ cyclesof loadwereapplied.

.

..-



8 NACATN 2928

Theloadsonthespecimenwerecheckedperiodicallythroughoutthe
testsand=~ustedifnecessary.Changesinloadrarelyexceeded3 per-
centofthemsximumloadduringthetest.

Justbeforefailureofthespecimentheamplitudeof loadincreased
markedly.Thisincreaseinloadwasprobablyduetoa progressive
decreaseinnaturalfrequencyas thecrackinthespecimenpropagated
rapidly.Thisrapidincreaseinamplitudewasltiitedto approximately
thelast15secondsbeforefinalfailureoccurred.

Results.-Resultsofaxial-loadfatiguetestson specimensofthe
twom~s at R = -1:0 and R = O areshowninfigures10and11.
Testpointsareplottedforonlythosespecimensinwhichfailureoccurred
notmorethan1 inchfromthecenterofthespecimen.Thepercentageof
specimehsthatfailed“intheouterhalfofthe2-inchtestsectionwas
notsosmallas intheBattelletests.Testpoints,withdiagonallines
representtestswithoutguides.Thesolidlinesrepresenttheedgesof
thescatter“bandscontainingmost-ofthetestpoints.No meancurves
aredrawnsinceonlyscatterbandsarecomparedinsectionV.

Thetestresultsshowninfigures10-d 11 indicatescatterofthe
sameorderas found in thecorrespondingBattelleresults.A more’
detailedcomparisonisgiveninsectionV ofthisreport, g

IV.AIXOATESTS

Thetestresultspresentedinthissectionwereobtainedatthe
AluminumResearchhbora~oriesofAJXOA.

Material.-Thematerialusedforthetestsdescribedinthissection
consistedof3/4-inch-diamet~rolledanddrawnrodproducedcommercially.
Thenominalandactualcompositionsandgrainsizeofthematerialsare
givenintableVI.andtheirtensilepropertiesand~compressiveyield
strengthsaregivenintableVXI;nominalvalues are obtainedfromrefer-
ence6. Thesecompositionsandpropertiesarerepresentativeofthe
respectivealloysandtempersofrodandaresimilarto thoseof sheet}
exceptthatthetensileyieldstrengthof24S-T3sheetishigherthan
thatof24S-Tkrod. Photomicrographsshowingthestructuresofthe
24S-T4and75s-!l%rcdmaterialsareshowninfigures12to 16. These
structuresaresimilartothoseof 24S-T3and75S-T6sheetmaterialsof
thetwoalloys.

.

Specimens.-Theshapeofthefatiguespecimensusedisshounin
figure17. Thespectienswererough-turnedtowithin0.100inchof the
finaldiameterandthenweremachinedto-thefinal-sizewithsucceedingly -
finercutsfrom0.010to 0.001inchdeep. Theresultingtoolmarkswere

.
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G removedby polishinglongitudinally,firstwithNo.320emeryclothand
finallywithNo.00metallographicpolishingpaper.

.
Machties.- Thefatiguetestsof therodweremadeinaxial-stress

machinesofthetypeillustratedinfigure18. Eachmachine,designed
to testfourspecimenssimultaneously,consistsessentiallyof a main
shafton eachendofwhichisa variableeccentricwhichin turnactuates
a crosshead. To eachcrossheadoneendof eachof twospecimensis
attachedandtheoppositeendsof thespecimensareattachedto dynsmxneter
linkswhoseload-deflectioncharacteristicshavebeendeterminedindi-
vidually.Thedynamometerlinksareattachedto suitablebracketson
thebaseof themachine.Adjustmentof thegraduatedeccentricsdeter-
minesthethrowofthecrossheadsand,iftheload-deflectioncharac-
teristicsof thedynamometerlinksaretakenintoaccount,thetotal
rangeof loadforeachofa patiof specimens.Thethrowof theeccentric
maybe variedfromO to 5/8inch.Eachof thelinksrequiresa loadof
about1,000poundsto causea deflectionof 0.129inch. Thedeflection
of eachlinkismeasuredat thecenterby usinga dialgagereading
directlytothenearest0.001tich.Adjustmentof thenutson theoppo-
sitesidesof eachbracketwhichsupportsa linkaffordsa meansfor
positioningthestressrangeof eachspecimenindependentlyof theother
specimens.Thatis,witha givenstressrange,by meansof theseadjusting8 nuts,alloranyportionof thestressrangemaybe madeto causeeither
tensileor compressivestressinthespecimen.Considerationof the
machinejustdescribedwillrevealthat,by adjustmentof thethrowof
theeccentricandthediameterof thespecimen,manydifferentrangesof
stress,aswellaspositionsofranges,canbe obtained.Themachineis
operatedata speedof 2,000rpn. Thestressesintheindividualspeci-
menshavebeencheckedby usingl/2-inchHuggenbergertensometerson
oppositesidesof thespecimensina verticalplaneandagreewithinless
than0.5percent.

FYocedure.-Testsweremadeat stressratiosvsx’yingfrom R . 0 to
R = -2.0.Thefrequencyof loadingwas2,000cm, exceptthatthetests
of’75S-T6rodat thethreehigheststressesfora stressratioof O were
madeat a muchslowerrate(about
a bandcrank.

Results.-Theresultsof the
and20. As indicated,testswere
and-2.0.

100cpm)by operatingthemachinewith

ALCOAtestsareplottedinfigures19
madeat stressratiosof O, -0.5,-1.0,

Thecurvesthatareshowninfigure19arebasedon thete,stsof one
lotof 24S-T4(pointswithoutdiagonallines)forthefourstressratios.
Indrawingthecurves,considerationwasgiventomakingthemconsistent

. witheachother,sothata modifiedGoodmandiagramcouldbe established
fromthem. ThisGoodmandiagramwasthebasisof thevaluesfor2kS-T4
invarioustables,includingtable6 ofref-ence7 andtable3.l12(d)of

.



10 NACATN2%8

reference8. In fQure 19thepointsthroughwhichslantinglineshave
beendrawnrepresenttheresultsof subsequenttestsofanothersample
of similarmaterial.

Figure20 showssimilarresultsfor75S-T6rodforthesamestress
ratios.As inthecaseofthedatafor24S-T4,thecurvesweredrawn
throughthepointswithoutdiagonallinesandtheyrepresentthecurves
whichformedthebasisofa modifiedGoodmandiagr-m.Thepointswith
diagonallinesrepresentresultsof testsoftwoothersamplesofrod,
thepointsforonesamplehavingthelinesslantinginonedirectionsmd
thosefortheotherssmple,intheotherdtiection.

Discussionofresults.-Theresultsofthetestsoftheoriginal
samplesofbothalloys(figs.19and20)seemedquiteconsistent,not
showingexcessivescatterforanystressratio.Theyledto curvesfor
thevariousratiosthatcomparedwellwitheachother.Whenlatertests
weremadeofadditionalsamples,huwever,itwasfoundthatthescatter
ofresultsincreasedconsiderably.

In thecaseof24s-T4(fig.19) it willbe notedthattheresults
of thetestson sampleP-853at-a stressratioof O agreeverywe~
withtheresultson sampleP-746at stressesabove45 ksiandbelow
30ksi. At intermediatestresses,however,thelifeof sampleP-853 I
isonlyone-tenthtoperhapsevenas littleas one-humdredththeLLfeof
sampleP-746.It shouldbe pointedoutthatsuchl&rgedifferencesmay,
at leastpartially,be attributabletounintentionaldifferencesinpreps- -
rationof specimens,fitof specimensinholdersof thefatiguemachines,
alinementofmachines,techniqueoftesting,orotherfactorsnotassoci-
atedwithdifferencesbetweensamples.Thesedifferencesinfatiguelife
illustratethedifficultyof tryingtopresentfatiguedatab tablesof
thetyperepresentedbytable6 ofreference7 andtable3.l12(d)of
reference8.

Inthecaseof 75S-T6(fig,.20)thedataforssmples_l~6517and
117482aregenerallyhigherthanthoseforssmple70968,thegreatest
differencebeingfora stressratioof O. A somewhatgeaterspreadof
resultsisobservedinthetestsof 75S-T6thanfor24S-T4.Thisdiffer-
enceinspreadhasbeenobservedpreviouslyinotherfatiguetests
(ref.9). Here,again,thedifficultyofpresentingfatiguedatain
tabularformisexemplified.

V. COMPARISONSOFTESTRESULTS

BattelleandNACAtests.=Figures21and22 showthescatterbands
obtainedintheBattelleandtheNACAtestsforeachofthetwomaterials

*

andthetwostressratiosusedinthecomparativetests.Because
.
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- approximatelythessmenumiberof testswere
ispermissibletocomparethelimitsofthe
avoidconfusion,nomeancurvesareshown..

madeat
scatter

eachlaboratory,
bands. Inorder

I-1

it
to

Forthe24S-T3sheetmaterial,theagreementisexcellentinthe
middlepartofthecurves.At low-stresses,thereissometendencyfor
theNACAresultsto fallslightlylowerthantheBattelleresults.At
thehigh-stressend,a similartendencyappearsforthestressratio
R= -1.0.

Forthe75S-T6sheetmaterial,theagreementmayalsobe considered
verygoodformediumstresses.Forlowstresses,theNACAresultsare
lowerthantheBattelleresults,particularlyat thestressratio
R= -1.0.Thistendencywasnotedearlyinthetests,whenonlya small
numberof testshadbeenmadeineitherlaboratory.Inan effortto
eliminatethediscrepancies,exchangevisitsof thestaffsof thelabo-
ratoriesweremade,eachstepinthetestprocedurewasdiscussedand
csrefullychecked,andadditionaltestsweremadeineachlaboratory.
In spiteofallefforts,however,ithasnotbeenpossiblesofarto
reducethediscrepanciesfurtherorto explainthem. Someadditional
remarkson thissubjectwillbe madesubsequently,whencomparisonsare
madewithresultsfromotherlaboratories..

I!attelle,NACA,andALCOAtests.-InfiguresZ3 and24 thescatter
bandsfortheI?attelleandtheNACAtestssreshown,togetherwithpoints.
representingtheALCOAtests.Itwillbe recalledthattheAUOA tests
weremadeonrodmaterial,whereastheBattelleandNACAtestsweremade
on sheetmaterial.Forthe2kS-Tmaterial(fig.23),theALCOApoints
fallwithinorveryclosetothescatterbandsfortheBattelleandthe
NACAtests,whicharepracticallyidentical.Forthe75S-T6material,
atR= -1.0 (fig.24(a)),a numberofALCOApointsfallwithinthe
Battellescatterband,andothersfallwithinthegapbetweentheBattelle
andtheNACAscatterbands(atcyclenumibersN 22 X 106) whichconsti-
tutesthegreatestdiscrepancybetweenBattelleandNACAresults.For
75S-T6at R = O (fig.2k(b))and N > 2 x 106,theALCOApointsaredis-
tributedovertheconibinationofBattelleandNACAscatterbands.This
result,togetherwiththatfor R = -1.0,suggeststhatthediscrepancies
betweenI?attelleandNACAresultsmaybe,at leastpartly,nottrulysys-
tematicdifferencesascribabletopeculiaritiesofmachinesortesttech-
niques.

Battelle,NACA,andNBStests.-Dataon sheetmaterialtestedunder
completelyreversedstressonly(R= -1.0)havebeenobtainedinthe
courseof severalNACAcontractsby theNationalBureauof Standards.
IntheNBStests,noneof thespecimenswerepolish-. Guideswereused

. as intheBattelleandNACAteststopreventbucklingof thespecimens.
Twotypesofmachineswereused. Onewasof thesamegeneraltypeas the
machineusedby Battelleas describedinsectionI (crank-drivenlever); ‘

4 theotherwasbuiltto thedesi~ of theAluminumResearchLaboratories
as describedinsection111.
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Figure25(a)showsresultsobtainedby NBSon 24S-~ sheetspecimens, -
takenfromreferences10and11. Reference11 includesresultsoftests
performedat 12and1,000cpn. Theeffectofthisdifferenceintesting
speedissmallincomparisonwithtestscatter,however,anddoesnot
contributesignificantlytothewidthofthescatterband. Figure25(b) -
showsresultstakenfromreference12togetherwiththetwocurves
definingthescatterbandoffigure25(a).Inthetestsreportedin
reference12thewidthof spec-n wasvariedfrom1/4to 2 inches,and
thefatiguestrengthappearedtodecreasesomewhatrasthewidthof speci-
menincreased.ForpurposesofcomparisonwiththeBattelleandNACA
specimens,whichwere1 inchwide,theNBSresultson specimenshaving
a widthgreaterthan1 inch(weakspechens)havebeenomitted.Someof
thepointsinfigure25(b)fallbelowthescatterbandobtainedfromfig-
ure25(a);thelowercurvewasthereforemodifiedas indicated.

Infigure26,theNBSscatterband(asdefinedby theuppercurve
of fig.25(a)andthemodifiedlowercurveshowninfig.25(b))isshown
togetherwiththeBattelleandNACAscatterbands.Itmaybe seenthat
theunpolishedNBSspechnenshavethesamemaximumlifeanda somewhat
lowerminimumlifethanthepolishedBattelleandNACAspecimens.

Figure27 showsNBSdataon 75S-T6specimenstakenfromreference12.
Thedataforspec3menswiderthan1 inchme againomitted.Figure28
showsa comparisonbetweenthescatterbandforthesetestsandthe

*

BattelleandNACAscatterbands.TheNBSscatterbandcoincidesreason-
ablywellwiththeNACAscatterbandbutissomewhatlowerthanthe
Battellescatterband.

.
Thusthemaximumdifferencebetweenunpolished

andpolishedspecimensis,inthiscase,ofthesameorderofmagnitude
as thedifferencebetweenpolishedspecimenstestedattwolaboratories.

CONCLUDINGREMARKS

Thereportpresentsaxial-loadfatiguedataon 24S-Tand75S-T
alminumalloyobtainedat fourlaboratories.Testsat theBattelle
MemorialInstituteandat theLangleyAeronauticalLaboratoryofthe
NACAweremadeonpolishedsheetspecimensfromthesamelotofmaterial.
Testsat theNationalBureauof Standardsweremadeonunpolishedspeci-
mensfromdifferentlotsof sheetmaterial.Testsat theAluminum
ResearchLaboratoriesoftheAluminumCompanyofAmericaweremadeonrod
material.

Forthe24S-Tmaterial,theagreementbetweenresultsfromallfour
laboratoriesisverygood;thedifferencesbetweenpolishedandunpolished
specfiens,orbetweensheetmaterialandrodmaterial,areshowntobe
small. .

.
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G
Forthe75S-Tmaterial,similarlygoodagreementexistsonlyif

thecomparisonisconfinedto sheetmaterialtestedatmediumstresses.
Ifthecomparisonisextendedto includesheetmaterialtestedat low
stressesandrodmaterial,discrepanciesappear.At thepresent,itis
difficultto sayhowmuchof thediscrepancyshouldbe attributedto
variabilityofmaterialandhowmuchtounrecognizeddifferencesintest
conditions.

LangleyAeronautical.Laboratory,
NationalAdvisoryCcuunitteeforAeronautics,

tingleyField,Vs.,Januaxy21,1953.
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TABLEI

SPECIXICATIONSFOR2k%T3AND75S-T6S- IWIZWXI

Issuingagency I 2W-T3

Federal. . . . . . . . . . QQ-A-355a
ArmyandAirForce. . . . . ---------
AirForceandNavy..... AN-A-12-1
Navy. . . . . . . . . . . . 47Aloe
A.S.TAM. . . . . . . . . . B209-51T

TABIXEII

CHEMICALANALYSES

(a)2@-T3 sheet(6ssmples)

I I Si I Fe I Cu
Maximum 0.18 0.37 4.64
MninIum .15 .30
Average .16 ●33 ::E YMu m

0.59 1.56
.54 1.41
.57 1.51

(b) 75s-T6sheet(9sampks)

75S-T6

AXS-1682
AN-A-9a-2

B209-51A!

Cr

0.02
.02
.02

al

0.(37
.02
.06

Si Fe Cu Mn & Cr Jfi ~ ~ Sn Ti

Maximum0.09 0.26 1.68 0.18 2.620.25 0 5.800 0 O.q
.06 .18 1.44 .14 2.47 .23 0 5.55 0 0 .06

Average .07 .22 1.58 .16 2.56 .24 0 5.6a o 0 .07
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TABLEIII

MECHANICALPRoPERTms

@pecimenstestedby AICO@

(a)24S-T4sheet

ultimate Tensileyield
tensile

Elongation
strength

strength,(offset=0.2 percent),‘np:r&nys’
ksi ksi

Centerssmples(cutfromcenterofendscraps,peqendicularto
grain,32 specimens)

Maximum 70.1 47.13 23.0
Minimum 67.5 44.60 19.5
Average 68.8 45.97 21.4
Maximumdeviation 1.3 1.37 1.9

Edgesamples(cutfrcmendsofendscraps,perpendicularto grain,
7 specimens)

Msxirmnn 7$.: 48.33 23.0
46.28 20.0

Average 6817 47●37 21.2
Maximumdeviation 1.7 1.09 1.8

Side-scraps~ples(cutfromsidescraps,parallel withgrain,
7 specimens)

Maximum 71.9 56.02 22.5
Minimum 71.2 53.29 20.5
Average 71.5 54.78 21.6
Maximumdeviation .4 1.49 1.1

.

.

.

.
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TABLEIII- Concluded

MECHANICALPROPERTIES

[3pecimenstestedby WOA]

(b)75S-T6sheet

Ultimate Tensileyield
tensile Elongationstren@h
strength,(offset= 0.2percent),~;r~ne’)

ksi ksi

Centerssmples(cutfromcenterof endscraps,perpendictiarto
grain,40 specimens)

Maximum 85.2 74.79 ILos
Minimum 81.4 70.31 10.0
Average 83.4 72.9Q 10.9
Maxinnmdeviation 2.0 2.59 ●9

Edgessmples(cutfromendsofendscraps,perpendicularto grain,
9 spec~ns)

Maxinlum 84.5 73.50 11.5
Minimum 82.7 71.33 10.5
Average 83.1 7:*5J 10.8
Maximumdeviation 1.4 . .7

Side-scrapssnrples(cutfromsidescraps,parallelwithgrain,
10 specimens)

Msximum 82.5 g.;; 11.o
Minimum 78.0 10.0
Average 80.9 72:89 10.7
Maximmdeviation 2.9 4.89 ●7

.
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TABmlIv

MECHANICALPROPERTIES

.

.

@pecimenstestedby Battell.el

(a)2ks-T3sheet

Ultimate
tensile

Yieldstrength Elongation
(offset= 0.2percent), in 2 inches,

strength,
ksi

ksi percent

I Tensiletests(parallelwithgrain,5 specimens) I
MaxiMum 73.5 56.0 20.0
Minimum 72.5 53.5 16.3
Average 73.0 54.9 18.2

Tensiletests(perpendicularto grafn,5 specimens)

Maximum 72.0 50.5 20.7
70.0 49.5 15.5

Average 70.9 50.1 18.3
Compressivetests(psralle-1withgrain,6 specimens)

MRximum 45.8
Minimum 41.7
Average 44.1

Compressivetests(perpendicularto grain,6 specimens)

MsXimulu 56.5
Mhlimum 47.1
Average 50.0

.

.

.

.
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TABLEIv- Concluded

MEX2HANICALPROPERTIES

~pecimenstestedby Battell~

(b)75S-T6sheet

Ultimate Yieldstrengthtensile Elongation
(offset= 0.2percent),

atrength, h 2 inches,

ksi
ksi percent

Tensiletests(parallelwithgrain,4 specimens)

83.5 79.0 12.1
MinimsJm 79.5 74.5 10.1
Average 81.6 76.0 11.4

.

Compressivetests(parsJlelwithgrain,6 specimens)

Tensiletests(perpendicularto grain,4 specimens)

Msximml 84.o 76.5 11.5
Minimum 81.0 73.5 10.0
Average 82.5 75.0 11.o

Maximum 80.8
Minimum 78.0
Average 79=3

Compressivetests(perpendictiarto grain,6 specimens)

Maximum 76.5
Minimum 72.6
Average 74.5

.
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TABLEV

MECHANICALPROPERTIES

[SpecimenstestedbyNACAat

(a)24s-T3sheet

Lhi-

Ultimate
tensik Yield-strength Elongation
strength, (offset= 0.2percent), in 2 inches,

ksi ksi percent

Tensiletests(parallelwithgrain,147specimens)

Maximum 73.44 59.28 25.0
Minimum 70.27 46.88 15.0
Average 72.14 52.05 21.6

I I I
Tensiletests(perpendicularto grain,148specimens)

MsXimum ~;.: 48.19 24.o
Mbxhum 43.24 15.o
Average 70:25 46.27 19.9

Compressivetests(parallelwithgrain,52 spec~ns)

Maximum 46.20
Minimum 41.90
Average 43.62

Compressivetests(perpendiculartograin,36 specimens)

Maximum 50.00
Minimum
Average . ::E

~

.

.

.

d

.
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TAELEv- Concluded

MECHANICALPROPERTIES

[Specimenstestedby NACAat

(b)75S-T6sheet

w]

Ultimate
tensile Yieldstrength Elongation
strength, (offset= 0.2percent), in2 inches,

ksi ksi percent

I Tensiletests(parallelwithgrain,152specimens)

Msximum 84.54 79*79 15.0
Minimum 79.84 71.54 7.0
.Average 82.$ 75.50 12.3

I Tensiletests(perpendicularto grain,151specimens)

Msximum 87.02 75.48 14.0
Minimum 81.62 69.58 9.0
Average 84.50 73●75 11.7

I Compressivetests(parallelwithgrain,52 specimens)

Maximum 77.00
Mtiimum 69.08
Average 7k.60

Compressivetests(perpendiculartograin,38 specimens)

Maximum 80.80
Minimum 77.10
Average 78.53

~

.

.
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T- VI

COMPOSITIONANDGRAINSIZEOFMATERIALSTESTEDBYALCOA

“

.

Alloy
and
temper

Composition,percent 24GrainsC!r permm3

---- ------

Sampleno. -

SiCu Fe Mn Zn

----
----
----

5.6
5.60
5.60
5.77

{

Ncminala
P-746
P-853

0.6
.68
.66

4.5
4.39
4.45

~.6
1.49
1.64
1.62

1.5
1.52
1.48

----,

0.19
●17

----
.35
.40
.13

----

0.16
.17

----
.10
.14
.09

24s-T4 ----
----

9
22,000

1{Nominala
75S-T6 s-70968

s-116517
S-117482

2.5
2.20
2.40
2.20

0.3
.27
.26
.22

----

.14

.10

.01

------

9,720
29,000
7,490

‘Reference6.

TABIEVII
.

TENSILEANDCOMPRESSIVEPROPERTIES

OFMATERIALS!!IEST!EOBYALCOA

Ult hate
tensile

smple~. strength,
ksi

Tensileyield
strength

(offset= 0.2
percent),ksi

Compressive
yieldstrength
(offset= 0.2
percent),ksi

Alloy
and
temper

Elongation
in2 inches,
percent

f
Nominala 68.0
P-746
I

70.5
P-853 71.3

48.o
42.0
45.3

19
21.3
20.0

----
----

50.3
24s-T4

75S-T6rOminala 82.0
s-70968 81.3

1s-116517 83.8
S-117482 86.5

72.0
70.3
72.6
74.7

11
ls.o
lk.o
21.4

----

73.4
77.5
81.0

aReference6.
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Figure2.-ICmusedirectrepeated-stresstestingmachine.
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(b) R=O.

Figure 21.- Conclwied.
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Figure 22. - Concluded.
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(a) R = -1.00.

Figure 23.-C01upsrit30nofresultsof fatiguetestsatvarlowstress
ratiosonunnotchedZII.S-Tsslumim.nn-al.loysheetspeclmmstested
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(b) R = O.

Figure 23. - Concluded.
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(a) R= -1.00.

Figure 24. - Comparison of results of fatigue tests at various stress
ratios on wmotched 75s-T6aluminum-~oysheetspecimnstested
byE!attelleandlWCAaudonwmotched7SS-T6alunimm-all.oyrolled
anddrawnml specimenstestedbyALCOA. ul-a
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(b) R =0.

l!’igure 24. - Concluded.
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Figure 25. - Results of fatigue tests at R . -1.00 on unuotched
2kS-T3 aluminum-alloy fiheet specjmem tested by IDS.
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